SUMMARY The inactivation of digoxin by conversion to reduced metabolites (digoxin reduction products, or DRP), a function of the anaerobic gut flora, was studied in normal volunteers from southern India and the United States. Digoxin was metabolised to DRP by 28 (13.7%) of 204 healthy south Indians in contrast to 67 (36-0%) of 186 New Yorkers (p<1X10`). Only 1.0% of Indians compared with 14.0% of Americans excreted large amounts of metabolites (>40% DRP) in the urine (p<1X 10-). Of 104 urban Indians, 23 (22.1%) were metabolisers, in contrast with five of 100 rural villagers (p<0-001). Within the urban group, digoxin metabolism correlated with education, frequency of animal protein intake, and most significantly, personal income. Organisms capable of reducing digoxin in vitro were found with similar frequencies in stool cultures from Indians and Americans. In the cultures of some subjects, DRP production was inhibited at lower dilutions but expressed at higher dilutions. We conclude that variations in drug metabolism between population groups may result from differences in the metabolic activity of the anaerobic gut flora probably mediated by environmentally determined factors.
It has frequently been postulated that the gut flora of people living in the tropical developing countries of the world differs from that found in inhabitants of industrialised nations, although enumeration of various species in stool cultures has often failed to reveal consistent alterations.' It is possible that differences in the metabolic actions of the bacterial flora may better distinguish between population groups.
Digoxin is inactivated in some individuals via saturation of its lactone ring, which converts the drug to its reduction products (or DRP)./ Patients in whom DRP are formed may require increased doses of the drug.67 Digoxin reduction is mediated by Eubacterium lentum, a constituent of the anaerobic gut flora."'`The presence of this species in the colonic flora appears to be necessary, but not sufficient, for metabolism of the drug to occur, since some persons given digoxin fail to make DRP in vivo, even though E lentum capable of reducing digoxin can be isolated from cultures of their stool in high concentrations.`" Digoxin metabolism in vivo may be used as an indicator of differences between individuals in the metabolic activity of the anaerobic gut flora. '9 ' Native born residents of Bangladesh were recently found to metabolise digoxin to The mean monthly income of the urban subjects, 1076 (733) Rupees (Rs) was much higher than that of the villagers, 177 (126) Rs (p<0-0001). There were also marked differences between the two groups in education beyond secondary school, frequency of ingestion of dietary items containing animal protein (Table 2 ). Significant quantitative correlations were also present in the urban subjects between % urinary DRP and income, education and dietary animal protein intake (Table  3) . After a multiple linear regression analysis, however, the only variable that retained a significant correlation with % DRP was income (r=0.37, p<0002). (Table 4 ). The stool culture from the single metaboliser studied from the village produced DRP as did eight of the cultures from the 29 rural non-metabolisers. The urban:rural difference in the percentage of cultures from non-metabolisers containing DRP-producing organisms (78.2 versus 27.6%) was highly significant (p<0.001). The concentration of DRP-producing organisms in the stool cultures of the metabolisers did not differ significantly from those of the non-metabolisers and did not vary with place of residence.
Three stool cultures from urban and three from rural non-metabolisers showed an 'inhibitor' pattern -that is, little or no DRP was formed in the lowest one or two dilutions of stool but was clearly present in Figure 2 . On the other hand, the percentage of all Indians studied from whom DRP-forming bacteria were recovered (32 of 58, or 55.2%) was not significantly lower than that in the Americans (47 of 72, or 65.3%).
Discussion
The prevalence of digoxin reducing organisms in the stool of indigenous southern Indians and residents of New York City was similar although the proportion of subjects in whom the organisms actually metabolised digoxin in vivo was significantly less in southern India. The overall percentage of metabolisers in the 204 southern Indians (13.7%) was quite similar to that found in a recent study`in Bangladeshis in Dhaka (13.9%) and in marked contrast with the prevalence of 35-36% that has been repeatedly found in American subjects.911 '7 In individuals who were metabolisers, the extent of digoxin metabolism was also less in the Indians (Fig. 1 ) and in the Bangladeshis" than in Americans.
This study shows that variations between ethnic groups in drug disposition, which have usually been attributed to genetic diversity in the actions of hepatic enzymes, may also be the result of differences in the metabolic activities of the gut flora. Although patients receiving digoxin were not investigated, it is likely that resistance to the drug caused by reductive inactivation67 would be encountered less frequently in southern Indians, particularly in rural areas.
Environmental factors were found to strongly correlate with the ability to metabolise digoxin. Significant associations were noted between DRP in the urine and personal income and education in both southern India and Dhaka, as well as with dietary protein intake (which was not assessed in the Bangladesh study) in India. In both the developing countries it was possible to identify a subset of subjects with favourable socioeconomic indices in whom the prevalence of DRP excretion was similar to that in residents of New York City. This finding strongly suggests that the overall differences are related to environmental rather than genetic determinants. Previous investigators have suggested that environmental factors may influence other metabolic functions of the human anaerobic microflora, including methane production'8 and bile salt transformations.'9 The difference in DRP production between urban and rural southern Indians is consistent with the observation in Bangladesh that the strongest variable that influenced digoxin metabolism was a history of childhood residence in an urban rather than a rural area," as the characteristics of the anaerobic gut flora may well be established during the first decade of life.""18202 The proportion of digoxin metabolisers in the Indian village population (five of 100) is the lowest found in any group of adult humans studied.79 13 17 22 Digoxin was not metabolised in vivo by the majority of southern Indian subjects whose stool cultures contained organisms that were able to metabolise digoxin in vitro, as was also found in Bangladeshis." This suggests that constituents of the colonic flora may be inhibited in their metabolic activities in the milieu of the lumen of the bowel. Such inhibition also appears to occur in a minority of New York City residents (Fig. 2) . This suppression of DRP formation was also evident in vitro in stool samples from several southern Indians. Little or no DRP was produced in the first one or two dilutions after incubation, while it was formed in abundance in higher dilutions, an observation we have also made in a minority of American subjects. The suppression of DRP formation in vitro despite the presence of high concentrations of DRP-forming organisms suggests an inhibitory effect which is no longer seen in the higher dilutions. This could be related to the availability of substrates or cofactors generated or consumed by the metabolic activities of the other bacteria, which in turn influence the reactions promoted by Eubacterium lentum. Arginine, for example, which stimulates the growth of E lentum, progressively inhibits DRP generation when added in increasing concentrations to human faecal emulsions or pure cultures of the organism.9
In addition to metabolic inhibition, failure of E lentum to colonise the gut flora appeared to contribute to the low prevalence of digoxin reduction in the rural subjects, since DRP-forming organisms were recovered from their stool cultures significantly less frequently than in the urban residents. An earlier study in children also showed a quantitative difference in the normal gut flora between residents of this village and of Vellore, in that the anaerobe, Sarcina ventriculi, was found much more frequently in rural subjects. 23 The factors such as low income, lesser education, decreased frequency of animal protein intake and residence in villages, which were associated with low DRP production and low prevalence of DRP-producing bacteria, are likely to be surrogates for as yet poorly understood variables that affect gastrointestinal luminal colonisation and the metabolism of the flora. The effect of differences in diet on the human gut flora remains to be clearly established.'5 Environmental sanitation was much lower in the village (no latrines or protected water supply) compared with that of the urban hospital employees, many of whom drink chlorinated or boiled water. A high prevalence of gastrointestinal pathogens has been recorded in the village studied24 and repeated infection with such organisms might alter the normal composition of the colonic flora and its metabolic activities. Changes in transit time25 might also be important.
Our observations extend the work of other investigators indicating variation between populations in metabolic functions of the gut flora, as reflected in the faecal concentrations of bacterial enzymes, microbially derived mutagens and metabolites of cholesterol and bile acids.2"28 The findings reported here and in the recent study in Bangladesh" show striking geographic differences in the metabolic activity of the human anaerobic gut flora, as indicated by the in vivo inactivation of digoxin by a single species of bacteria, Eubacterium lentum. The presence of DRP-forming bacteria in the microflora of many southern Indians in whom digoxin was not inactivated in vivo emphasises the importance of assessing the metabolic activity of enteric bacteria, rather than their numbers and species. The factors controlling that activity, which appear to be strongly influenced by environmental variables, and which may be related to susceptibility to intestinal infection and neoplasia, remain to be determined.
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